We investigate the role of adaptive radiation therapy in pediatric patients with diffuse pontine glioma and the impact of steroid-related weight gain on treatment parameters utilizing cone-beam CT. Fifteen patients with diffuse pontine glioma were treated with three-dimensional conformal radiation therapy and enrolled on a daily localization protocol. The median age was 6 years (range: 2-13 years). Patient charts were examined to obtain the prescribed daily dose of dexamethasone and weight. The original treatment plan was recalculated based on the data obtained from the daily cone-beam CT. The changes in target and critical structure doses were calculated using gEUD. Correlations between prescribed dexamethasone, weight gain, source-to-skin distance (SSD) changes and dosimetric changes were investigated. Eleven of the 15 patients gained weight during radiation therapy, with an average gain of 2.2 kg (8.0%). The mean gEUD decreased was 0.57 Gy (range: 0.24-1.4 Gy) for the PTV, and the mean gEUD increase for critical structures was 1.14%. No strong correlations between prescribed dexamethasone doses, weight gain and dosimetric changes were found. Change in SSD vs. dose to PTV was correlated (R 2 = 0.51). Weight gain and changes to the external surface are apparent in these patients; however, the dosimetric changes to the target and critical structures were small and in most cases did not warrant an adaptive plan. The potential exists for a decrease in target dose in these patients; therefore, they should be monitored to assess for replanning when necessary.
Although beneficial to the patient, from a practical standpoint corticosteroid therapy may have a negative impact on the administration of radiation therapy. The associated weight gain may affect the shape and volume of the head, as shown in Fig. 1 , and thereby impact the distribution of dose. It may be impractical to use the same immobilization device for the entire treatment course, and the localization of the planning target volume may be compromised unless frequent verification is performed to observe for alterations in patient anatomy. Similar concerns have been expressed for adults with head and neck cancer where the external surfaces have shown noticeable change due to tumor shrinkage and patient weight loss. (7) (8) (9) We investigated the impact of steroid-related weight gain in pediatric patients with diffuse pontine glioma, and evaluated the role of adaptive radiation therapy planning.
II. MAtERIALS And MEtHodS

A. Patient population
Fifteen patients with diffuse pontine glioma were treated with three-dimensional conformal radiation therapy (CRT) between March 2008 and May 2009, and enrolled on a daily localization protocol (10) that included an investigational low-dose megavoltage cone-beam CT (MV-CBCT) device. (11, 12) This device delivers at most 1 cGy at isocenter per CBCT, (11) which is less than an average port film. The treatment plans consisted of an average of seven fields (range: 6-8). The median age at the time of irradiation was six years (range: 2 to 13 years). Ten patients were treated using IV general anesthesia. The total dose was 54 Gy administered in 30 fractions over a time period of six weeks. All patients were treated in the supine position and immobilized using a thermoplastic face mask. All patients were prescribed dexamethasone at some point during irradiation for the management of symptoms; most often patients required dexamethasone prior to the initiation of treatment and were tapered, when feasible, during the course of treatment. The patient charts were examined to obtain the prescribed daily dose of dexamethasone and patients' weights. The steroid dose was noted in milligram per day and the weight was recorded in kilograms. 
B. Adaptive planning
For each patient, the original treatment plan was created using the Plan University of North Carolina system (PLUNC) and referred to as the baseline plan. Localization CBCT data from every second treatment day (n = 15 per subject) were registered to the original treatment planning CT dataset. Based on the registration, a new structure was created and called "body-n", where n represented from which CBCT the registration was taken. The intersection between this body-n structure and the original body structure was labeled "expansion-n". The Hounsfield units within this volume were set to zero, making the new structure water-equivalent for dose calculation. The treatment plan was then recalculated using the original treatment planning parameters and a new external structure, "external-n', was created which included "expansion-n". Heterogeneity corrections were used for all plans. The new external contour was used to demonstrate the effect of steroid therapy on the baseline treatment plan and to calculate differences in radiation dose distributions relative to the target and normal tissue volumes. These plans were referred to as modified baseline plans. In addition, an adaptive plan was created in which the target coverage and normal tissue doses were re-optimized to achieve the goals of the original plan.
c. dosimetric analysis
The generalized equivalent uniform dose (gEUD) (13, 14) was used for the dosimetric analysis. The gEUD was calculated for the target as well as the critical structures for the baseline, modified baseline and adaptive plans. The targets of interest were the planning target volume (PTV) and the clinical target volume (CTV); the critical structures were the optic nerves, cochleae, optic chiasm and the spinal cord. A gEUD "a" value of -10 was used for the targets and "a" value of +10 was used for the critical structures except for the cochlea, where an "a" value of +2 was used. (15) In addition, the change in separation was quantified by calculating the average change in source-to-surface distance (SSD) between the baseline and modified baseline plans for the treatment ports. Pearson correlation coefficients were calculated. Significance was determined at the p ≤ 0.05 level.
III. RESuLtS
In this study, the average patient weighed 30.2 kg at the start of irradiation and gained 2.2 kg (8.0%) by the completion of the six-week treatment course. Weight gain was inversely related to steroid dose (Fig. 2) ; however, this relationship was not statistically significant (R 2 = 0.35). The average decrease in SSD for all fields based on each CBCT examined was 1.8 mm (range: 0.0-5.7 mm). The average maximum SSD change for the 15 patients was 2.9 mm (range: 0.3-5.7 mm). There was no correlation between the change in SSD and weight (R 2 = 0.08; Fig. 3) ; however, as shown in Fig. 4 , there was a correlation between average change in SSD and gEUD of the PTV for the modified baseline plans (R 2 = 0.51, p = 0.02). Figure 5 shows the correlation between SSD and gEUD change for each of the 225 modified baseline plan (R 2 = 0.42, p < 0.001). Seven of the 15 patients had shims placed under the mask to accommodate increasing head size and two patients needed to have a part of the mask cut away to use their immobilization device. In this cohort, no patients required a new thermoplastic mask.
The mean gEUD decrease of the modified baseline plans was 0.39 Gy (range 0.12 to 0.74 Gy) for the PTV, the mean gEUD change for all critical structures was 1.14%. Table 1 lists the percent decrease in gEUD dose from the baseline plan to modified baseline plan for all the structures of interest. Individual patient analysis showed decrease in the gEUD of the PTV for every patient with a maximum decrease of 1.4 Gy. The difference in gEUD between the baseline and adaptive plans for all structures was less than 0.5%. 
IV. dIScuSSIon
We did not find any significant relationship between daily corticosteroid dose and weight gain during the six weeks of radiation therapy. The lack of correlation may reflect the lasting impact of steroid therapy despite efforts to taper the medication during treatment. All patients showed a decrease in SSD values, including those that lost body weight, reflecting the cushingoid effect of steroids on the face and head. The dosimetric analysis showed that, on average, the dose to the target over the entire course of treatment was decreased by 1%, and at most by 1.4%. Although this change was statistically significant (p < 0.001), clinically this will likely not have an impact on the treatment. A reasonable threshold for creating an adaptive plan is a loss of coverage of 1.5% for the entire treatment or 2% for an individual fraction. No patent had a decrease of more than 1.4% for the entire treatment and only one patient had individual treatments where the target gEUD decreased more than 2% (2.0% and 2.1%). In this unique case, these treatments were during the last week of therapy and did not warrant an adaptive plan. In general, this type of steroid induced cushingoid effect would have the largest impact on brain tumors located in the posterior fossa region, such as the pontine gliomas studied here. This is because the SSD changes tend to be prominent in the face and base of skull region; therefore, targets in other areas of the brain should be impacted less than described here. Although no patient required a new thermoplastic mask in this study, we have had instances where a new mask was required. 
V. concLuSIonS
Weight gain and changes to the external surface are apparent in patients with diffuse intrinsic pontine glioma; however, the dosimetric changes to the target and critical structures are small and rarely warrant an adaptive plan. The potential exists for a decrease in the target dose; therefore, these patients should continue to be monitored and assessed for replanning when necessary.
